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Objectives. The aim of this study was to determine the indepen-
dent hemodynamic effects of an irregular sequence of ventricular
cycle lengths in patients with atrial fibrillation (AF).
Background. Atrial fibrillation may reduce cardiac output by
several possible mechanisms, including loss of the atrial contri-
bution to left ventricular filling, valvular regurgitation, increased
ventricular rate or irregular RR intervals. This study was de-
signed to evaluate the effects of an irregular RR interval, inde-
pendent of the average ventricular rate, on cardiac hemodynamic
data during AF.
Methods. Sixteen patients with AF were studied invasively.
During intrinsically conducted AF (mean rate 102 6 22 beats/
min), the right ventricular apex electrogram was recorded onto
frequency-modulated (FM) tape. After atrioventricular node ab-
lation, the right ventricular apex was stimulated in three pacing
modes in randomized sequence: 1) VVI at 60 beats/min; 2) VVI at
the same average rate as during intrinsically conducted AF (102 6
22 beats/min); and 3) during VVT pacing in which the pacemaker
was triggered by playback of the FM tape recording of the right
ventricular apex electrogram previously recorded during intrinsi-
cally conducted AF (VVT 102 6 22 beats/min).
Results. Compared with VVI pacing at the same average rate,
an irregular sequence of RR intervals decreased cardiac output
(4.4 6 1.6 vs. 5.2 6 2.4 liters/min, p < 0.01), increased pulmonary
capillary wedge pressure (17 6 7 vs. 14 6 6 mm Hg, p < 0.002)
and increased right atrial pressure (10 6 6 vs. 8 6 4 mm Hg, p <
0.05).
Conclusions. An irregular sequence of RR intervals produces
adverse hemodynamic consequences that are independent of heart
rate.
(J Am Coll Cardiol 1997;30:1039–45)
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Atrial fibrillation (AT) may have several detrimental effects on
cardiac hemodynamic data (1–3), including loss of the atrial
contribution to ventricular filling with a reduction in end-
diastolic pressure and volume in the left and right ventricles
(4), an increase in the mean diastolic pressure in the atria (4),
a reduced interval for passive diastolic filling (5–7) and possi-
ble atrioventricular valvular regurgitation (5). The relative
contribution of these factors is likely to vary between patients,
and may differ with changes in ventricular rate. Although much
is known regarding these determinants of cardiac function,
very little is known about the independent contribution that
irregularity in the ventricular cycle length has on hemodynamic
data. Naito et al. (5) reported that cardiac output was reduced
with an irregular as compared with a regular paced ventricular
rhythm in dogs with AF. Whether similar findings can be
demonstrated in patients with AF has not been reported.
Although catheter ablative techniques modify the rate and
rhythm for patients with rapid ventricular rates during AF
(8–13), the independent effects of slowing or regularizing the
ventricular rate on resultant hemodynamic data are unknown.
The present study was designed to test the hypothesis that an
irregular sequence of ventricular cycle lengths results in hemo-
dynamic deterioration as compared with a regular ventricular
rhythm at the identical average rate in patients with AF.
Methods
Study group. The study group consisted of 16 highly symp-
tomatic patients with paroxysmal or chronic AF who were
referred for catheter ablation of the atrioventricular conduc-
tion system and permanent pacemaker implantation. In-
formed, written consent for the study protocol, which had been
approved by the Institutional Review Board for Research
Involving Human Subjects at the University of Alabama at
Birmingham, was obtained from all subjects. Exclusion criteria
included failure to obtain informed consent, uncompensated
congestive heart failure, unstable angina pectoris or recent
myocardial infarction.
Study protocol. Patients were studied in the fasting state
while sedated with intravenous meperidine and midazolam. A
permanent pacemaker was implanted in all subjects through
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the cephalic or subclavian veins using standard techniques.
After permanent pacemaker implantation, a 6F quadripolar
catheter was advanced from the right femoral vein and posi-
tioned at the right ventricular apex, and a 7F deflectable-tip
catheter was advanced from the femoral vein to the right atrial
(RA) appendage under fluoroscopic guidance. A 7.5F pulmo-
nary artery catheter capable of continuously measuring oxyhe-
moglobin saturation by three wavelengths of light (Opticath,
Abbot Laboratories) was positioned in the right pulmonary
artery. The oximetric catheter was calibrated before insertion
and used for continuous on-line recording of the pulmonary
artery oxyhemoglobin saturation (SvO2) (Oximetrix-3 SO2/CO,
Abbot Laboratories). The pulmonary artery pressure, pulmo-
nary capillary wedge pressure (PCWP) and RA pressure were
continuously monitored. Systemic arterial oxyhemoglobin sat-
uration (SaO2) was recorded with a continuous transcutaneous
oxygen saturation monitor (Nellcor). Systemic blood pressure
was measured with an automatic arm sphygmomanometer
rather than invasively to minimize the risks associated with the
study protocol. Oxygen consumption (V˙O2) was measured
continuously with a Medical Graphics CPX Metabolic Cart
(Medical Graphics Corporation) using a vacuum-controlled
plastic bubble. Hemoglobin concentration was measured im-
mediately before the study. The SaO2 and SvO2 measurements
were used in conjunction with the measured V˙O2 and hemo-
globin concentration to calculate cardiac output using the Fick
principle (14).
Experimental conditions. For all subjects with sinus
rhythm at the beginning of the study, cardiac output, systemic
arterial pressure, pulmonary artery pressure, PCWP, RA pres-
sure, pulmonary and systemic vascular resistance, arterial and
pulmonary artery oxygen content and V˙O2 were measured with
the patient in a resting and sedated state. After recording of
baseline hemodynamic data, AF was induced with burst atrial
pacing from the RA appendage in those patients initially in
sinus rhythm. The hemodynamic data were allowed to stabilize
for at least 5 min during continuous AF. During at least 5 min
of AF, a bipolar electrogram was recorded from the right
ventricular apex catheter onto frequency-modulated (FM)
tape using an analog data recorder (model 71, TEAC, Japan).
The mean ventricular cycle length during intrinsically con-
ducted AF was determined from the recorded right ventricular
electrograms.
The atrioventricular conduction system was then ablated
with radiofrequency current in all subjects using standard
techniques (8,15). After ablation, hemodynamic data were
measured with the permanent pacemaker programmed to each
of three experimental conditions in random sequence with a
balanced block design: 1) ventricular demand (VVI) pacing
from the right ventricular apex at 60 beats/min (a regular
ventricular cycle length of 1,000 ms); 2) VVI pacing from the
right ventricular apex at the identical mean ventricular rate as
recorded during intrinsically conducted AF (a regular, shorter
cycle length); and 3) ventricular triggered (VVT) pacing in
which the right ventricle was paced by the permanent pace-
maker triggered by playback of the FM tape recording that had
been made during intrinsically conducted AF before ablation
(an irregular sequence of cycle lengths). Thus, during VVT
pacing, the right ventricle was paced at the identical sequence
of cycle lengths as observed during intrinsically conducted AF.
Echocardiographic data. An echocardiogram (ATL Ultra-
mark 9) was recorded during each of the five experimental
conditions from the parasternal long-axis, four-chamber long
axis and apical two-chamber long-axis views to qualitatively
assess mitral and tricuspid valvular regurgitation. The severity
of valvular regurgitation was assessed by color flow Doppler
imaging by averaging the degree of regurgitation over 10
consecutive cycles (16,17). Left atrial size, left ventricular
end-diastolic dimension, left ventricular septal wall thickness
and left ventricular ejection fraction (measured by the Simpson
rule) were measured at the beginning of the study. The left
ventricular ejection fraction was averaged over 10 consecutive
beats to account for beat to beat variation. Patients in whom
adequate windows could not be obtained were excluded from
echocardiographic analysis. Images were reviewed off-line by a
reviewer who had no knowledge of the clinical data and the
hypothesis of the study.
Data analysis. Continuous variables were expressed as
mean value 6 SD. Comparisons of each hemodynamic variable
across the experimental conditions were made with one-way
analysis of variance with the Bonferroni correction for multiple
comparisons. Paired hemodynamic data comparing regular
and irregular ventricular pacing at the same average rate were
analyzed using the paired Student t tests.
Results
Study group. The demographic data of the study group are
shown in Table 1. There were 11 women and 5 men with
medically refractory AF (paroxysmal in 8 patients and chronic
in 8 patients). The patients’ mean age was 66.1 6 9.1 years
(range 43 to 81). The average number of failed antiarrhythmic
drugs used before catheter ablation was 3.6 6 1.5. All of the
patients with paroxysmal AF were in sinus rhythm at the onset
of the study protocol. The hemodynamic data for each of the
five experimental conditions of the study protocol are summa-
rized in Table 2.
Abbreviations and Acronyms
AF 5 atrial fibrillation
FM 5 frequency modulated
PCWP 5 pulmonary capillary wedge pressure
RA 5 right atrium, right atrial
SaO2 5 systemic arterial oxyhemoglobin saturation
SvO2 5 pulmonary artery oxyhemoglobin saturation
V˙O2 5 oxygen consumption
VVI 5 ventricular demand pacing
VVT 5 ventricular triggered pacing
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Hemodynamic effects of a regular versus an irregular
ventricular rhythm. Figure 1 demonstrates representative
electrocardiographic and pulmonary artery pressure tracings
from Patient 2 during intrinsically conducted AF (top panel)
and during VVT pacing with the pacemaker triggered by
playback of the right ventricular electrogram recorded during
AF (bottom panel). The tracings were matched with respect to
time and show the identical sequence of ventricular cycle
lengths. In this example, post-extrasystolic potentiation in the
pulmonary artery pressure tracing appears to be more marked
during VVT tracing than during intrinsically conducted AF.
This was not a consistent finding, however. Figure 2 demon-
strates similar tracings from the same individual during VVI
pacing at the same average ventricular rate as recorded during
intrinsically conducted AF (top panel) and at a cycle length of
1,000 ms (bottom panel).
Table 1. Patient Demographics
Patient
No.
Age (yr)/
Gender
LVEF
(%)
LA Size
(mm)
LVEDD
(mm)
MR
(baseline) Comorbid Conditions
1 68/M 62 30 50 11 HTN
2 43/F 65 34 48 11 HTN
3 67/F 55 36 40 11 Hypothyroidism
4 65/M 57 36 45 11 HTN, CABG
5 71/M 25 40 55 11 HTN, MI, CABG, CHF
6 76/M NR NR NR NR
7 78/F 45 40 45 11
8 64/F 57 34 42 11
9 61/F 55 NR NR 01 HTN, DM
10 71/F 60 35 35 11 HTN, hypothyroidism
11 70/F 55 NR NR 01 HTN, MVP
12 71/F NR NR NR NR
13 57/M NR NR NR NR
14 58/F NR NR NR NR HTN
15 66/F NR NR NR NR HTN, CHF
16 81/F NR NR NR NR
CABG 5 coronary artery bypass graft surgery; CHF 5 congestive heart failure; DM 5 diabetes mellitus; F 5 female;
HTN 5 hypertension; LA 5 left atrial; LVEDD 5 left ventricular end-diastolic dimension; LVEF 5 left ventricular
ejection fraction; M 5 male; MI 5 myocardial infarction; MR 5 mitral regurgitation; MVP 5 mitral valve prolapse;
NR 5 not recorded.
Table 2. Hemodynamic Data
NSR AF
VVI-
1,000 ms
VVI-
Avg VVT p Value
CO (liters/min) 7.7 6 4.8 5.4 6 2.4 4.8 6 2.1 5.2 6 2.4 4.4 6 1.6 0.08
PCWP (mm Hg) 6 6 4 15 6 5 13 6 7 14 6 6 17 6 7 0.01
RAP (mm Hg) 6 6 4 7 6 4 8 6 6 8 6 4 10 6 6 0.47
SvO2 (%) 65 6 7 64 6 6 57 6 10 59 6 9 55 6 7 0.01
SaO2 (%) 95 6 3 96 6 2 95 6 3 95 6 2 95 6 3 0.98
PASP (mm Hg) 31 6 7 35 6 6 32 6 8 32 6 8 35 6 8 0.58
PADP (mm Hg) 10 6 6 16 6 5 15 6 6 16 6 6 17 6 7 0.18
MPAP (mm Hg) 17 6 6 22 6 5 21 6 6 22 6 6 23 6 7 0.38
PVR (dyneszszcm25) 126 6 36 123 6 59 133 6 83 125 6 63 113 6 65 0.94
PAR (dyneszszcm25) 209 6 93 388 6 211 409 6 218 392 6 185 465 6 170 0.11
SBP (mm Hg) 133 6 15 138 6 16 144 6 18 133 6 15 133 6 17 0.29
DBP (mm Hg) 76 6 8 80 6 10 82 6 18 82 6 12 78 6 11 0.82
MBP (mm Hg) 95 6 10 99 6 11 102 6 17 99 6 11 97 6 11 0.66
SVR (dyneszszcm25) 1165 6 529 1598 6 717 1765 6 859 1565 6 578 1717 6 537 0.43
V˙O2 (ml/min per m
2) 193 6 47 162 6 38 172 6 39 176 6 45 173 6 48 0.66
CL (ms) 975 6 205 587 6 132 1000 6 0 587 6 132 587 6 132 ,0.0001
Data are presented as mean value 6 SD. AF 5 atrial fibrillation; CL 5 cycle length; CO 5 cardiac output; DBP 5 diastolic blood pressure; MBP 5 mean blood
pressure; MPAP 5 mean pulmonary artery pressure; NSR 5 normal sinus rhythm; PADP 5 pulmonary artery diastolic pressure; PAR 5 pulmonary artery resistance;
PASP 5 pulmonary artery systolic pressure; PCWP 5 pulmonary capillary wedge pressure; PVR 5 pulmonary vascular resistance; RAP 5 right atrial pressure; SaO2 5
systemic arterial oxyhemoglobin saturation; SBP 5 systolic blood pressure; SvO2 5 pulmonary artery oxyhemoglobin saturation; SVR 5 systemic vascular resistance;
V˙O2 5 oxygen consumption; VVI-Avg 5 VVI pacing at average ventricular rate of atrial fibrillation; VVI-1,000 ms 5 ventricular demand pacing; VVT 5 ventricular
triggered pacing at identical cycle length sequence of atrial fibrillation ventricular response.
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The cardiac output was significantly greater during regular
VVI pacing than during VVT pacing triggered by playback of
the intrinsically conducted ventricular electrogram recorded in
AF despite an identical average cycle length (5.2 6 2.4 vs.
4.4 6 1.6 liters/min, p , 0.01) (Fig. 3A). Twelve of the 16
patients had a reduction in cardiac output during VVT pacing
as compared with VVI pacing at the identical average cycle
length (587 ms) (Fig. 3B). Pulmonary capillary wedge pressure
was lower during normal sinus rhythm than during the other
four experimental conditions (Fig. 4A). Pulmonary capillary
wedge pressure was also lower during regular VVI pacing than
during irregular VVT pacing at the identical average ventric-
ular cycle length (14 6 6.5 vs. 17 6 7.0 mm Hg, p 5 0.002). In
14 of 16 patients, PCWP was lower with regular VVI pacing
than with an irregular paced rhythm at the same average cycle
length (Fig. 4B). The RA pressure during each experimental
condition is shown in Figure 5A. The RA pressure was
significantly higher during irregular VVT pacing than during
regular VVI pacing at the same rate (9.6 6 6.1 vs. 7.6 6
3.6 mm Hg, p 5 0.04) (Fig. 5B). The highest SvO2 was observed
during sinus rhythm, whereas the lowest was observed during
VVT pacing at the identical ventricular cycle length sequence
as recorded during AF (Fig. 6A). The SvO2 was higher during
regular VVI pacing than during irregular VVT pacing at the
identical average rate in 12 of 16 patients, with no difference in
2 patients (Fig. 6B).
The hemodynamic data during intrinsically conducted AF
were generally superior to those during VVT pacing. The
mean cardiac output was 5.4 6 2.4 liters/min during AF as
compared with 4.4 6 1.6 liters/min with VVT pacing (p ,
0.01). Likewise, PCWP was lower during AF compared with
VVT pacing (15 6 5 mm Hg vs. 17 6 7 mm Hg, p , 0.02).
Echocardiographic observations. In six patients, echocar-
diography was not performed because of poor acoustic win-
Figure 1. Top panel, The surface electrocardiogram recorded during
intrinsically conducted AF and pulmonary artery pressure tracing are
shown for Patient 2. Bottom panel, The surface electrocardiogram
during VVT pacing triggered from playback of the right ventricular
electrogram (VEGM) recorded during AF with intrinsic atrioventric-
ular conduction. The pulmonary artery pressure tracing is shown
directly below it. The electrocardiograms have been matched with
respect to time.
Figure 2. Top panel, The surface electrocardiogram during VVI
pacing from the right ventricular apex at the identical average rate as
during intrinsically conducted AF. Bottom panel, VVI pacing at 60
beats/min (bpm). Pulmonary artery pressure tracings are shown for
both pacing modes.
Figure 3. A, Cardiac output is shown during normal sinus rhythm
(NSR), atrial fibrillation (AF), VVI pacing at 60 beats/min (VVI-60),
VVI pacing at the average ventricular rate of AF (VVI-Avg) and VVT
pacing at the identical cycle length sequence of AF. B, Cardiac output
for all patients is shown for VVI pacing at the average cycle length
sequence of AF and for VVT pacing at the identical cycle length
sequence of AF. *p , 0.01.
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dows. The mean baseline left ventricular ejection fraction was
53 6 13% (n 5 10). The mean left ventricular end-diastolic
dimension was 42 6 8.3 mm, with a posterior wall thickness of
10.1 6 2.1 mm. The mean left atrial dimension was 36 6
3.3 mm. The degree of mitral regurgitation was graded by
analysis of the color Doppler recordings as 0 or 1 in all patients
during intrinsically conducted AF. The severity of the mitral
regurgitation increased in only one patient (from grade 1 to
grade 2) with a change from regular VVI pacing to irregular
VVT pacing at the identical rate, with no significant change in
the other subjects.
Discussion
Independent effects of an irregular ventricular rate on
hemodynamic data. The hemodynamic consequences of AF
have been actively studied since the first description of this
arrhythmia by Jolly and Ritchie in 1910 (18). Multiple mech-
anisms have been proposed to explain the adverse hemody-
namic consequences during AF, including an increase in heart
rate, loss of atrioventricular synchrony, irregularity in the
ventricular rhythm, valvular regurgitation and neurohormonal
effects (1–3). A previous canine study suggested that an
irregular ventricular rhythm had an adverse effect on cardiac
output that was independent of the ventricular rate (5). To our
knowledge, the present study is the first prospective human
experiment that has examined the independent effects of heart
rate irregularity on cardiac function in patients with AF.
Consistent with canine studies, an irregular ventricular rhythm
does indeed have adverse hemodynamic consequences that are
independent of rate.
Previous studies. Lau et al. (19) reported that the pulmo-
nary artery pressure and PCWP during AF are increased as
Figure 4. A, Pulmonary capillary wedge pressure is shown during
normal sinus rhythm (NSR), atrial fibrillation (AF), VVI pacing at 60
beats/min (VVI-60), VVI pacing at the average ventricular rate of AF
(VVI-Avg) and VVT pacing at the identical cycle length sequence of
AF. B, The individual measurements of PCWP for all patients are
shown for VVI pacing at the average cycle length sequence of AF and
for VVT pacing at the identical cycle length sequence of AF. *p ,
0.002.
Figure 5. A, Right atrial pressure is shown during normal sinus rhythm
(NSR), atrial fibrillation (AF), VVI pacing at 60 beats/min (VVI-60),
VVI pacing at the average ventricular rate of AF (VVI-Avg) and VVT
pacing at the identical cycle length sequence of AF. B, The individual
measurements of RA pressure for all patients are shown for VVI
pacing at the average cycle length sequence of AF and for VVT pacing
at the identical cycle length sequence of AF. *p 5 0.04.
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compared with atrial pacing at the same average rate in 10
patients with paroxysmal AF (19). The present study also
demonstrated that sinus rhythm was associated with the high-
est cardiac output of any of the five experimental conditions,
highlighting the importance of atrioventricular synchrony.
Greenfield et al. (20) reported a weak but positive correla-
tion between the immediately preceding RR interval and
stroke volume in patients with chronic AF (20). The duration
of left ventricular ejection was directly proportional to the
preceding RR interval, whereas the pre-ejection period was
shorter and the stroke volume larger with a longer preceding
cycle length. A negative correlation was found between the
stroke volume of a particular beat and the second preceding
beat. The relation between cycle length and stroke volume was
significantly stronger when the two preceding RR intervals
were considered. A pulse deficit—beats that did not open the
aortic valve—was recorded with either a very short cycle or a
short cycle preceded by a long cycle.
The mechanisms responsible for the reduction in cardiac
output during an irregular sequence of paced cycle lengths as
compared with regular pacing at the same average rate are
incompletely understood. However, the Starling mechanism
relating myofiber length to the strength of ventricular contrac-
tion and the force–interval relation are two likely mechanisms.
In the absence of valvular obstruction, passive filling of the left
ventricle occurs during the first half of diastole at normal rest
heart rates. Previous studies have suggested that lengthening
of the diastolic interval beyond ;700 ms does not appreciably
increase the rest left ventricular end-diastolic volume, whereas
shortening of the diastolic interval to ,500 ms impairs left
ventricular filling and stroke volume (21).
Gosselink et al. (21) have demonstrated that the left
ventricular ejection fraction is inversely related to the preced-
ing RR interval during AF by the use of radionuclide tech-
niques. As expected, the left ventricular ejection fraction was
directly related to the end-diastolic volume. For any given
end-diastolic volume, the longer the preceding RR interval,
the greater the left ventricular ejection fraction. This relation
was made more complex if the two preceding RR intervals
were considered. For example, the influence of the penulti-
mate RR interval (the pre-preceding interval) on the left
ventricular ejection fraction was opposite that of the immedi-
ately preceding interval. In other words, a long pre-preceding
RR interval has an effect to decrease the left ventricular
ejection fraction. A short pre-preceding interval augments the
stroke volume of the second successive beat. This observation
suggests that post-extrasystolic potentiation is one likely mech-
anism for the effect of a short pre-preceding interval on left
ventricular systolic performance.
However, Herbert (7) demonstrated in a retrospective
review of hemodynamic data in patients with chronic AF that
the cardiac index was inversely correlated with the RR vari-
ability produced by short cycles but not with the standard
deviation of all RR intervals. Thus, short RR intervals de-
creased cardiac output more than long RR intervals increased
cardiac output. The correlation between the percentage of
short cycle lengths and a decrease in cardiac index was more
marked for patients with an average ventricular rate .75
beats/min than for those with a slower average rate. Therefore,
a short RR interval appears to have a negative inotropic effect
that is independent of ventricular filling. Radionuclide studies
(22) also suggest that left ventricular function in AF is depen-
dent on multiple preceding cycle lengths. Short RR intervals
have been demonstrated to produce mechanical restitution,
where impaired diastolic filling (and decreased inotropy) affect
the next beat by reducing both end-diastolic pressure and
volume. In contrast, long preceding RR intervals allow for
potentiation in which the enhanced filling and release of
calcium from the sarcoplasmic reticulum augment the stroke
volume of the subsequent contraction (23). However, the
beneficial effects of potentiation decay over each successive
beat, such that a long interval may not balance the adverse
Figure 6. A, Pulmonary artery oxyhemoglobin saturation (SvO2) is
shown during normal sinus rhythm (NSR), atrial fibrillation (AF), VVI
pacing at 60 beats/min (VVI-60), VVI pacing at the average ventricular
rate of AF (VVI-Avg) and VVT pacing at the identical cycle length
sequence of AF. B, The individual measurements of SvO2 for all
patients are shown for VVI pacing at the average cycle length
sequence of AF and for VVT pacing at the identical length sequence
of AF. *p , 0.009.
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hemodynamic consequences of a short interval. Because of the
persistent adverse effects of short RR intervals on ventricular
performance, a regular RR interval (in which short intervals
are completely eliminated) produces a higher average stroke
volume and cardiac output than an irregular ventricular
rhythm at the same average rate. This may be more true for
patients with higher average heart rates who are more likely to
be considered for atrioventricular node ablation than for
patients with well controlled ventricular rates.
In addition to examining the effects of ventricular irregu-
larity, the present study demonstrates that ventricular activa-
tion by the normal His-Purkinje system provides superior
hemodynamic effects to stimulation at the right ventricular
apex. These observations may lend support to the utility of
pacing from a site near the His bundle.
Study limitations. There are several limitations of this
study that should be emphasized. First, this study compared
the hemodynamic data of an irregular to a regular paced
ventricular rhythm. Because pacing from the right ventricular
apex produced adverse hemodynamic effects of its own, it is
uncertain whether these results also apply to a narrow QRS
complex or to pacing at an alternative site (such as the His
bundle or interventricular septum). Nevertheless, the great
care taken to exactly reproduce the sequence of ventricular
cycle lengths during intrinsically conducted AF suggests that
these results may be relevant to patients with AF. Second,
although the sequence of pacing modes was randomized after
atrioventricular node ablation, comparison with the preabla-
tion hemodynamic data could not be randomized. Third, these
results may not apply to patients with more severely impaired
left ventricular systolic or diastolic function. Finally, these
results were observed during an acute hemodynamic study and
may not apply to more long-term conditions in which adaptive
mechanisms may reduce these effects. The differences in the
hemodynamic response to AF in patients with established AF
and those patients with paroxysmal AF were not studied.
Conclusions. An irregular sequence of ventricular cycle
lengths reduces cardiac output and increases PCWP as com-
pared with a regular rhythm at the same average rate.
We thank Consuella Mays and Gilbert Perry, MD for technical expertise in
acquiring and analyzing echocardiograms.
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